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(57)Abstract: 

PURPOSE: To improve the evaporating efficiency and to 
improve the sealability to prevent the leakage by 
realizing the abutting and the separation by keeping the 



smooth seal surface of a diaphragm approximately 
parallel to the smooth seal surface of a valve seat 
through application and release of the load of a driving 
means. 

CONSTITUTION: In a valve for a liquid raw material 
evaporator, a liquid raw material discharge port 1 7 is 
provided pn ; a metallic valve seat part 71 which is 
sufficiently large for the diameter and of mirror smooth 
sealing surface 70. A metallic thin diaphragm 6 which is 
larger than the smooth sealing surface 70 of the valve 
seat part 71, provided with a mirror smooth sealing 
surface 60 to realize the direct abutting and the 
separation to this smooth sealing surface 70 at the 
center and an elastic deformation part 61 on the outer 
side thereof, and provided with the peripheral edge part 
being sealed and held is arranged opposite to the valve 
seat part 71. Abutting and separation are realized by keeping the smooth seal surface 60 of the 
diaphragm 6 approximately parallel to the smooth sealing surface of the valve seat part 71 
through the application and release of the load of a driving means. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a valve for liquid material vaporizers which has a liquid material outflow path, a carrier 
gas inflow way, a mixed gas outflow path, diaphram that opens and closes an exposure port 
which exists at a tip of said liquid material outflow path, and a driving means of this diaphram, 
Said liquid material exposure port is established in a smooth sealing surface of a mirror plane, 
and the made metal valve seat parts widely enough to the path, A smooth sealing surface of a 
mirror plane which is larger than a smooth sealing surface of said valve seat, and carries out 
direct contact and alienation to this smooth sealing surface in the center section. Have an 
elastic deformation part on the outside, respectively, and a peripheral edge part carries out the 
placed opposite of the metal thin plate diaphram which comes to carry out seal fastening to said 
valve seat part, A valve for liquid material vaporizers a smooth sealing surface of diaphram 
maintaining abbreviated parallel to a smooth sealing surface of said valve seat, and carrying out 
contact and alienation by impression and release of load of said driving means. 
[Claim 2]The valve for liquid material vaporizers according to claim 1 characterized by making 

area A of said smooth sealing surface into 4.0 - 8.0mm 2 when the caliber d of said liquid material 
exposure port is 0.2-3.0 mm. 

[Claim 3]The valve for liquid material vaporizers according to claim 1 or 2 forming liquid pool 
****** of a major diameter in the lower part of said liquid material exposure port rather than this 
exposure port. 

[Claim 4]The valve for liquid material vaporizers according to claim 1 to 3, wherein said valve 
seat partes formed in a valve body and a different body. 

[Claim 5]The valve for liquid material vaporizers according to claim 1 to 4, wherein said driving 
means is the actuator which used a laminated piezoelectric element object 
[Claim 6]The valve for liquid material vaporizers according to claim 1 to 4, wherein said driving 
means is the actuator which used an air pressure cylinder. 

[Claim 7]The valve for liquid material vaporizers according to claim 1 to 4, wherein said driving 
means is the actuator which used a solenoid. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention carries out control of flow of the liquid material in the CVD 
process of semiconductor manufacture, etc., and relates to improvement of the valve for 
vaporizers used especially for this about the vaporizer for liquid materials evaporates this as it is 
and it enabled it to supply to a CVD reaction furnace etc. 
[0002] 

[Description of the Prior Art]Conventionally, there is an evaporation feed unit for liquid materials 
(henceforth a vaporizer) indicated by JP,H3~183779,A or JP,H4-141 14,A. The sensor tube 1 with 
which this vaporizer consists of composition shown in drawing 5 and drawing 6 , and that outline 
measures the mass flow rate of the liquid material which flows through an inside, The by-path 
pipe 2 which poured the liquid material proportional to the liquid material which flows through the 
inside of the sensor tube 1 , and was formed perpendicularly, It consists of the flow control valve 
4 provided in the merging passage 13 where the bypass opening and closing valve 3 provided in 
the exit passage 12 of the by-path pipe 2, and the exit passage 12 of the by-path pipe 2 and the 
exit passage 1 1 of the sensor tube 1 join, and the opening and closing valve 5 for vaporizers 
which opens and closes the liquid exposure port 1 4 which continues from the flow control valve 
4. The vaporizing chamber 51 which sprays carrier gas CG and makes the liquid material exposed 
so that this opening and closing valve 5 for vaporizers may ooze from said fluid exposure port 14 
evaporate, It has the metallic diaphragm 50 which opens and closes the liquid exposure port 14 
for the carrier gas inflow way 1 5 which blows carrier gas, such as N 2 , and the mixed gas outflow 

path 16 into which mixed gas MG with which the evaporated material gas and carrier gas were 
mixed is made to flow again, and its opening-and-closing actuator 52. 

[0003]Th£refore, if the liquid material L is supplied to this vaporizer, the mass flow rate of "1" 
will flow Into the sensor tube 1, and one times the mass flow rate of that "N" will flow into the 
by-path pipe 2. The liquid material L used as "N+1" twice is adjusted by the flow control valve 4 
so that it may become predetermined flow U by the control circuit which is not illustrated. Then, 
in liquid material U of this specified quantity, from an exposure port, in very small quantities, 
every, it is made to expose continuously, and the carrier gas heated to this is sprayed, the 
evaporation evaporation of all the raw materials of the specified quantity is carried out, and 
mixed gas MG of prescribed concentration is supplied to a reactor. 
[0004] 

[Problem to be solved by the invention]By the way, as for the above-mentioned opening and 
closing valve for vaporizers, itself is used in the state of the constant temperature which heated 
the circumference to the 150-200 degreeC grade again so that it may be easy to evaporate 
liquid material L\ When it is conventionally called an opening and closing valve in this field, there 
is a metal diaphragm valve (refer to JP,4-54104,B). Since there are restrictions of the 
temperature described above although it was desirable also here since the metal diaphragm valve 
did not have a problem of particle or a DETTO space, a sealing nature good resin sheet type 
cannot be used. And since it is the structure which forces the surface of a sphere of a partial 
spherical shell on the valve seat, a sheet surface is not stabilized, but there is a problem that the 
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sealing nature at the time of a deadline is bad. 

[0005]The metallic diaphragm used for such an opening and closing valve on the other hand is 
giving self restoring force which returns by self stability by considering it as what is called partial 
spherical shell form that swelled a little up. Therefore, as shown in drawing 6 , while evaporation 
of a liquid material is advancing, diaphram is held in the state where it swelled above the liquid 
exposure port 14. The space of the evaporation control room 51 (gap part which the exposure 
port neighborhood and diaphram specifically make) becomes as a result, less constant. Namely, 
by the entrainment mouth 511 of carrier gas CG, after 1 **** ****, it expands suddenly, and 
blows in into the liquid exposure port 14 neighborhood, and a liquid material is evaporated with 
the failure of pressure at this time. However, since it can face across space near 510 after that 
again, it may contract here and a reliquefaction may be carried out. Thus, since the space of the 
evaporation control room 51 changes, flow change is caused, and this serves as change of 
furnace inversion stress and pressure, and appears. Such flows and pressure fluctuation have 
the problem of having an adverse effect on semiconductor membrane formation. 
[0006]Solve such a problem, and vaporizing efficiency improves, and an object of this invention is 
also sealing-device seal performance to provide the good valve for liquid material vaporizers. 
[0007] 

[Means for solving problem]In the valve for liquid material vaporizers characterized by comprising 
the following, this invention said liquid material exposure port, It provides in the smooth sealing 
surface of a mirror plane, and the made metal valve seat parts widely enough to the path, The 
smooth sealing surface of the mirror plane which is larger than the smooth sealing surface of 
said valve seat, and carries out direct contact and alienation to this smooth sealing surface in 
the center section. Have an elastic deformation part on the outside, respectively, and a 
peripheral edge part carries out the placed opposite of the metal thin plate diaphram which 
comes to carry out seal fastening to said valve seat part, The valve for liquid material vaporizers 
which the smooth sealing surface of diaphram maintains abbreviated parallel to the smooth 
sealing surface of said valve seat, and carries out contact and alienation by impression and 
release of the load of said driving means. 
Liquid material outflow path. 
Carrier gas inflow way. 
Mixed gas outflow path. 

The driving means of the diaphram which opens and closes the exposure port which exists at the 
tip of said liquid material outflow path, and this diaphram. 

[0008]As for the area of said smooth sealing surface, when the caliber of a liquid material 
exposure port is 0.2-3.0 mm, it is desirable to consider it as 4.0 - 8.0mm 2 . An effect is for that 
the caliber of 0.3-2.0 mm is still more desirable for exposing a liquid material a minute amount 
and continuously, and the smooth sealing surface of the valve seat is larger than a caliber 
enough at this time to advance evaporation efficiently. However, when too large, since the area 
of a smooth sealing surface can obtain the result as which the field of seal performance may be 
sufficient by considering it as a 5.0 - 7.0mm 2 grade, it is desirable at that which needs higher 
sealing surface pressure (a driving means is enlarged). The mirror plane of 0.4 micron or less of 
Rmax(es) is preferred in the valve seat and diaphram side, in the one where the smooth sealing 
surface of diaphram is larger than the sealing surface of the valve seat, evaporation is stabilized, 
and the surface roughness of a smooth sealing surface has it. [ desirable ] 

[0009]Since the valve seat can also be used as a valve body and a different body, the lower part 
of a liquid material exposure port is followed and forming of the liquid pool ****** of a large 
caliber can be easily carried out to it rather than this exposure port in this case, it is convenient. 

[001 0]A driving means is good also as an air pressure cylinder type actuator which used the 
cylinder mechanism of the pneumatic pressure operation. Since the valve for vaporizers in this 
case is operated as what is called an opening and closing valve only with two positions of 
clausilium or valve opening, it needs to counter before an exposure port channel and to provide 
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the flow control valve which performs control of flow of a liquid material other than this opening 
and closing valve. On the other hand, it is possible for it to be good also as an electrostrictive 
actuator using a lamination type piezoelectric element object, and to carry out minute 
displacement of the piezoelectric device in this case, and to make a driving means combination 
as a flow control valve, since controllability is good. A driving means can also be made into the 
solenoid actuator using a solenoid. 

[0011]Metal diaphram carries out integral moulding of the elastic deformation parts, such as a 
semicircle ring and a waveform, outside on it, and is making self-elastic restoring force give using 
the high elasticity and the high-corrosion-resistance material which consist of a Co base alloy or 
a nickel-Co alloy in itself. 
[0012] 

[Function]First, at the time of valve opening, if the smooth sealing surface of diaphram maintains 
and estranges an almost parallel side to the smooth sealing surface of the valve seat, the 
evaporation control room space of constant width will be formed, this space — a liquid material 
exposure port — fine amount blot **** — a liquid material is [ like ] exposed. On the other 
hand, carrier gas flows into an evaporation control room, since a liquid material is contacted and 
sprayed, evaporation evaporation is carried out, and mixed-gas-izes, and is carried away to a tap 
hole, the failure of pressure at this time — simultaneously — one after another — a liquid 
material -— a very small quantity — every — and it exposes continuously, and evaporation 
evaporation Is carried out and this evaporation supply operation is repeated. Here, it spreads 
widely at a smooth flat surface, evaporation evaporation takes place one after another, and the 
liquid material in which the smooth sealing surface by the side of the valve seat oozed on the 
field since the smooth field large enough had extended to the liquid material exposure port of a 
minute diameter can be attained 100%. And the evaporation control room space at this time is 
the fixed space where an up-and-down flat surface counters, and since the direction of the 
diaphram flat surface has moreover extended more widely than a valve seat flat surface, the 
pressure variation of carrier gas expanding or contracting does not happen easily. Evaporation 
more stable than the above thing is promoted and vaporizing efficiency improves. 
[001 3]Although a liquid material exposure port is micropore, since it forms the ****** hole 
portion of a major diameter in that lower part comparatively, 1 ********** can **** in this 
barrier portion that became in a completely different class, it can be useful for calming, such as 
foaming and dissolution of internal porosity, and every per-continuum exposure of a fixed 
quantity of liquid materials can be carried out after that. 

[0014]On the other hand, at the time of clausilium, since the metallic diaphragm has an elastic 
deformation part, the smooth sealing surface of a center section maintains parallel, it moves in it, 
and in cdfttafct with the smooth sealing surface of the valve seat, a press seal is carried out as it 
is. These smooth sealing surfaces are made with a mirror plane, and since it is stuck, good 
sealing-device performance is obtained. The area of the smooth sealing surface of the valve seat 
becomes possible [ obtaining the more stable seal performance ] by selecting a range which is 
convenient also in respect of seal performance, without spoiling the advantage of the above- 
mentioned vaporizing efficiency. 

[001 5]I hear that the smooth sealing surface by the side of the valve seat and diaphram 
maintains a parallel flat surface, and can move, and there is an advantage of being easy to carry 
out control of flow. Since the feedback control of the displacement control of micron order can 
be carried out from the feature that generative force is large although the laminated 
piezoelectric element object of displacement is small if it is an actuator especially using a 
laminated piezoelectric element object, a flow rate sensor is interlocked with and flow regulation 
is possible. On the other hand, since generative force is large, it closes, and the thrust at the 
time increases, and sealing nature becomes good. An opening and closing valve and a flow 
control valve can be made to serve a double purpose by the above, and it can carry out simple 
[ of the entire structure ]. 
[0016] * * m 

[Working example] Hereafter, the embodiment of this invention is described with reference to 
Drawings. Drawing 1 is an important section sectional view showing one embodiment of the valve 
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for liquid material vaporizers of this invention, and drawing 2 is a Z-Z sectional view of drawing 1 . 
The carrier gas inflow way 15 which the valve body 7 of drawing 1 has composition of a three- 
way-type mixing valve, and introduces reactant gas, such as carrier gas CG, such as helium, 
and/or 0 2 , The mixed gas outflow path 1 6 which serves as mixed gas MG which a liquid material, 

carrier gas, and reactant gas gasified and mixed, and flows out, and the liquid material outflow 
path 20 which liquid materials, such as TEOS, flow and flows out are formed. Here, the liquid 
material outflow path 20 is formed via the tapered shape barrier 18 from the upside exposure 
port 17 and this exposure port 17, and consists of the ****** hole 19 of a reliance major 
diameter. Integral moulding of the valve seat 71 is carried out to the center section of the valve 
body 7, and the above-mentioned liquid material exposure port 17 is carrying out the opening to 
this central part. The smooth sealing surface 70 by which mirror finish was carried out to about 
0.4 micron of Rmax(es) had an area larger enough than the exposure port 17, and the upper 
surface of the valve seat 71 has spread. For example, the smooth sealing surface product A is 

about 6 mm 2 to the diameter of an exposure port of phid0.3 mm. 

[0017]The metal diaphram 6 is sheet metal disc-like [ which consists of high elasticity (more 

than elastic limit 1 60Kgf/mm 2 ) high-corrosion-resistance material, such as a Co base alloy or 
nickel-Co base alloy, ]. 

Integral moulding of the elastic deformation part 61 semicircle annular in the bigger smooth 
sealing surface 60 in the center section than the smooth sealing surface 70 by the side of the 
above-mentioned valve seat is carried out to the periphery side, attaching and fixing of the 
peripheral edge part 62 is carried out in seal to a valve body, and, therefore, the placed opposite 
is carried out with the almost parallel flat surface to the smooth sealing surface 70 by the side of 
the valve seat. 

The mirror finish of about 0.4 micron of Rmax(es) is made like the valve seat side, and what 
mountain shape and a waveform may be sufficient as the form of the elastic deformation part 61, 
and gathered may be sufficient as the smooth sealing surface 60. Diaphram may use what was 
piled up two or more sheets. 81 presses diaphram in response to the power from an upside 
driving means via a sphere by diaphram presser foot. 82 is sealing seal components, such as a 
golden ring. 

[0018]Next, the operation of this valve is explained. What is necessary is to replace with, attach 
and use the valve for vaporizers of this invention for the opening and closing valve 5 of drawing 5 
mentioned above, and just to consider it to be 1 component parts of a vaporizer. However, a 
carburetor body is not limited to what is shown in drawing 5 , and since it is not directly related 
to this invention, explanation is omitted. 

[0019]If the liquid material L goes up through the liquid material outflow path 20 first, since a 
channel is rapidly narrowed in the barrier 1 8 intermediate portion, it ****s by 1 ******, It 
remains in this barrier portion, only a liquid material is exposed from the exposure port 17, and 
internal air bubbles ooze and spread on the smooth sealing surface 70 which constitutes the 
evaporation control room 72. The reactant gas mixed in the heated carrier gas or this if needed 
at this time flows in the evaporation control room 72, and since a liquid material is contacted and 
sprayed, a liquid carries out evaporation evaporation, with this, it mixes mutually, and it serves as 
mixed gas.' MX3, and flows out and goes to the outflow path 1 6. Since the failure of pressure and 
the evaporation evaporation phenomenon by a carrier gas entrainment happen almost 
simultaneous hereafter, a liquid material oozes on every [ a minute amount ] and a continuation 
target, spreads on the smooth sealing surface 70, and repeats evaporation evaporation. Since 
carrier gas is heated and the atmosphere of the circumference of a valve is also in a heated 
state, help the very thing [ this ] evaporation, but. Since the smooth sealing surface 70 spreads 
out greatly enough to the exposure port 1 7, as shown a liquid material in drawing 2 f rom the 
exposure port 17, even if it exposes in all directions, it spreads among smooth sealing surface 
Kami, and evaporation evaporation is promoted continuously and promptly. Furthermore, since 
the evaporation control room 72 is surrounded in the parallel smooth sealing surfaces 60 and 70, 
it serves as fixed space, since there is no change of expansion or contraction in the flow of 
carrier gas, also has neither a flow nor pressure fluctuation, and can supply mixed gas stably. 
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[0020]When stopping evaporation, in response to the power from a driving means, the diaphram 6 
is moved to the valve seat 71 side at the time of clausilium. At this time, the smooth sealing 
surface 70 of the valve seat and the smooth sealing surface 60 of diaphram maintain a parallel 
flat surface, the last sticks, parallel translation of the diaphram is carried out and a seal is 
carried out [ it is kept shut and ] by the elastic elongation of the elastic deformation part 61. 
[0021] Drawing 3 is an important section sectional view showing other embodiments of this 
invention. Identical codes are given to the composition which makes work equivalent to the 
above-mentioned embodiment. Let this example be open or the closed-operated opening and 
closing valve 80, using the pneumatics cylinder actuator 8 as a driving means. The flow control 
means of a liquid material provides independently nothing, a flow control valve, and an 
evaporation opening and closing valve, respectively so that the flow control valve 40 which 
carried out the placed opposite to the liquid material mouth outflow path 20 may perform. The 
operation of the pneumatics cylinder actuator 8 introduces into the cylinder chamber 84 the 
pneumatic pressure which flowed from the airport 83 from the valve closing condition as shown 
in a figure, resists the power of the spring 85, and raises the piston 86, and the stem 87 also 
raises it simultaneously. Then, according to self elastic restoring force, the metallic diaphragm 63 
will go up with the diaphram presser foot 81, and will be in an open state. Since it is the same as 
that olithe example described above about the subsequent evaporation phenomenon, it omits, 
but the liquid material L flows between material flow Deji 20 and the metallic diaphragm 64 from 
the feed port which is not illustrated, and it is merely sent out, being beforehand controlled by 
the flow control valve 40 arranged at the end by specified flow rate L'. The elongation and 
generative force of a layered product change with the voltage which the flow control valve 40 is 
a thing using the laminated piezoelectric element object 41, and impresses a piezoelectric device. 
The valve rod 42 is made to move up and down, this is interlocked with, the movement 
magnitude of the metallic diaphragm 64 is adjusted, and the flow is controlled by generative force 
at this time. 

[0022]The metallic diaphragm 64 may use the same thing as the metallic diaphragm 6 by the side 
of the opening and closing valve 80. For example, the cobalt base alloy which consists of 13 to 
18% of nickel, 18 to 23% of Cr, 5 to 9% of Mo, 38 to 44% of Co, the remainder Fe, and an impurity 
by weight %, The nickel cobalt alloy etc. which consist of impurities, such as C 0.03 etc.% or less, 
in 30 to 35% of nickel, 17 to 23% of Cr, 8 to 12% of Mo, and 0.1 to 3% of the remainders Co and 
Nb are raised. 

[0023]Next, valve closing operation drops the piston 86 and the stem 87 according to spring 
action, afnd via the diaphram presser foot 81, the metallic diaphragm 63 is forced on the smooth 
sealing surface of the valve seat 73, and is closed, and it is made to carry out a seal by 
discharging pneumatic pressure from the airport 83. In the valve body 79, the valve seat 73 is 
formed in a different body, and is attached to a main body opening by an attachment means etc. 
here. By considering it as a different body, processing of the exposure port 74 which is a minute 
bore hole becomes easy, and becomes advantageous also in respect of management of change 
of an aperture, common-parts-izing, etc. 

[0024] Drawing 4 shows the embodiment of further others of this invention, and is taken as the 
actuator 9 using the laminated piezoelectric element object as a driving means. Identical codes 
are attached about the composition which makes work equivalent to the above-mentioned 
embodiment, in this example, the function of the opening and closing valve 80 and the flow 
control valve 40 of an example above-mentioned, for example was made to serve a double 
purpose by using the lamination electrostrictive actuator 9 — it can take valve 90. First, a figure 
shows an opened state and the operation of the lamination electrostrictive actuator 9 shows the 
time of voltage impressing. Therefore, with the power of the spring 95, the valve rod 97 placed 
enabling free up-and-down motion is pushed caudad, forces the metallic diaphragm 65 on the 
valve seat 74 via a ball and the diaphram presser foot 81, and usually makes it the valve closing 
condition. In the inside of a valve rod, the lower end side is laid on the bridge member 92 via a 
ball etc., and, as for the upper bed side, the laminated piezoelectric element object 91 is stopped 
by the adjusting-screw component 93. It extends and penetrates in the direction which counters 
space, and the bridge member 92 is being placed and fixed on the holddown member 94. 
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Therefore, if voltage is impressed to the piezoelectric-device object 91, an element will be 
elongated, but since the lower part side is restrained by the above-mentioned bridge member 92, 
the load for stretching is changed into the power which resists the power of the spring 95 and is 
pulled up up with the valve rod 97. If it does like this and the valve rod 97 goes up, this will be 
followed, this will also move up according to the restoration elastic force of self of the metallic 
diaphragm 65, and it will be in an open state as shown in a figure. 

[0025]Flow regulation is carried out by adjusting the impressed electromotive force to a 
piezoelectric-device object by extending the element 91 and controlling ** and by extension, the 
movement magnitude of the valve rod 97. Since it is the same as that of the embodiment 
mentioned above about the evaporation process, omit explanation, but. The fine amount control 
of flow which connected with the flow rate sensor by the side of a vaporizer with using a 
lamination electrostrictive actuator like this example, and carried out feedback control becomes 
possible, since generative force is also large, a good thing is obtained and the deadline seal 
performance as an opening and closing valve also has an effect in the simplification of structure, 
etc. 
[0026] 

[Effect of the Invention]By this invention, the smooth sealing surface large enough was 
established to the caliber of a liquid material exposure port as mentioned above. 
Therefore, a liquid material can evaporate completely promptly. 

Since evaporation control room space considered it as the fixed space regulated at the up-and- 
down flat surface, evaporation is promoted stably from beginning to end, and neither a flow rate 
change nor pressure fluctuation happens. Therefore, vaporizing efficiency improved. Since the 
smooth sealing surfaces which carried out mirror finish maintained, they were pressed and stuck 
parallel, it became good [ sealing-device seal performance ]. Vaporizing efficiency improved by 
the abov& and the valve for liquid material vaporizers also with sufficient sealing-device seal 
performance was able to be provided. 



[Translation done.] 
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